Abstract. SiO 2 glass with Cs clusters was investigated by differential scanning calorimetry (DSC), thermogravimetric differential analysis (TG-DTA), and positron age-momentumcorrelation (AMOC) spectroscopy. No significant peaks arising from Cs clusters were observed in TG-DTA and DSC curves, suggesting Cs clusters in smaller amount than the detection limit of thermal analysis. In contrast to that, AMOC spectroscopy showed orthopositronium (o-Ps) pick-off annihilation influenced by the presence of Cs clusters. The results demonstrate the feasibility of probing an electronic state of small metal clusters loaded into a disordered system by o-Ps.
Introduction
Small metal clusters with the size of a few nano-meters have attracted attention in the last decades, since they show physical and chemical properties different from the bulk [1] . Due to simple electronic structures of alkali metals, theoretical calculations have been extensively conducted for small clusters of Na [2] , K [3] , and Li [4] , which predict the presence of a specific magic number. Apart from randomly isolated cluster systems, alkali-metal clusters loaded into periodically-ordered cages of zeolite have provided an opportunity to design new functional materials with respect to thermochromism [5] and magnetism [6] . For example, K clusters loaded into K-type zeolite A are known to show ferromagnetic property [7] . Na-loaded Na-ion type zeolite exhibits various colors due to optical absorptions by Na clusters in the visible light region [8] .
Previously, we reported that the momentum distribution of annihilating γ rays originating from o-Ps pick-off annihilation is sensitively influenced by the presence of small Cs clusters loaded into free volumes of SiO2 glass [9] . This implies the feasibility of probing a local electronic state of loaded metal clusters by o-Ps. In this work, we further investigate Cs-loaded SiO2 glass by AMOC spectroscopy in combination with thermal analyses as, e.g., DSC and TG-DTA. 
Experiments
Unloaded and Cs-loaded SiO 2 glasses were studied in the present work. Conventional x-ray diffraction (XRD) measurements with Cu K-α radiation were performed at room temperature. DSC and TG-DTA measurements were performed for 10 mg samples in the temperature range of 293-773 K at a heating rate of 10 K/min. AMOC measurements were performed by acquiring the Doppler broadening and positron lifetime data coincidently. The positron birth γ ray from 22 Na and one of the annihilation γ rays were detected by BaF 2 scintillators with 2" diameter × 1" thickness coupled with photomultiplier tubes (DET1 and DET2). DET1 and DET2 signaling 1.27 MeV and 511 keV γ rays were squarely aligned to each other. For the simultaneous measurement of the annihilation γ rays, a high purity Ge detector was placed collinearly to DET2. The total counts of a typical AMOC spectrum were ~ 30 million. A time resolution of 230 ps FWHM was obtained. In the present experiments, positron-age dependent Doppler broadening spectra were analyzed by the S parameter (S(t)), which was determined as the ratio of the central area over (-2.5 to +2.5) ×10 -3 m 0 c to the total area of the Doppler broadening peak at positron age t. The saturated values of S(t) are significantly higher for Cs-loaded SiO 2 than for unloaded one. This demonstrates narrowing of the momentum distribution of o-Ps pick-off annihilation in the former. In contrast to DSC and TG-DTA, AMOC spectroscopy successfully detects the local electronic change induced by loading Cs clusters through the momentum distribution of o-Ps pick-off annihilation [9] . Upon Cs loading, free volumes in SiO 2 glass mostly surrounded by O atoms [10] 
Results and Discussion

Conclusion
Cs-loaded SiO 2 glass was investigated by DSC, TG-DTA, and positron annihilation AMOC spectroscopy. No significant peaks arising from Cs clusters were observed in TG-DTA and DSC curves. AMOC spectroscopy succeeded in detecting the local electronic change induced by loading Cs clusters through the momentum distribution of o-Ps pick-off annihilation. This implies the feasibility of probing a local electronic state of loaded metal clusters by o-Ps. We discussed the reason why o-Ps state is sensitively influenced by a small amount of Cs clusters loaded into fee volumes in SiO 2 glass.
